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Abstract 
In this paper, we studied the energy linearity of two identical NaI(Tl) detectors, one new (unused) and the other 
old (long-term), to determine if there was a change in the structure of the NaI(Tl) detectors. For any supply voltage, 
we found from the dependence on channel number to the source energy that the slope for the old detector is greater 
than the new detector, indicating an increase in the secondary emission factor δ	with the time of use. That is 
meaning a change in the behavior of the Cs-Sb mixture from semiconductor to conductor. The average deviation	σ 
of the channel number for the old detector is greater than the new one, indicating the detector linearity is becoming 
worse with the time of use. That is meaning the conductor may be partially and random constructed in the mixture.    
Keywords: energy linearity, dynodes, Cs-Sb mixture. 
 
1. Introduction 
Linearity is one of the most important characteristic of the NaI(Tl) detector. When the linear range of a detector is 
small and we need measurements in the nonlinear range of the detector, for an accuracy determining of the identity 
and intensity of the gamma rays, non-linear calibration must be performed [1]. In order to perform non-linear 
calibration, detector pulse height (or channel number) versus supply voltage must be done. The NaI(Tl) detector 
consists of  photomultiplier tube (PMT), voltage divider and scintillator. The detector linearity depends on the 
PMT and scintillation materials [2]. The photomultiplier tube is a light-sensitive and versatile device that ensures 
high sensitivity and ultra-fast response [3]. More importantly, as a high gain device, the PMT is extensively used 
as photon detector in fields such as high energy physics experiments, chemical analysis and medical diagnosis. 
Although PMTs performance is so superior, its linear range is someway limited which restricts its application [4]. 
The study of energy linearity for the gamma NaI(Tl) scintillation detector is a studying dependence on amplitude 
pulse generated by the detector (or channel number) of gamma photon energy (source energies) [5,6]. It is said 
that the dependence is linear if it is on a straight form. Otherwise it is nonlinear. When nonlinear, part of the curve 
can be considered linear. The gamma sources are mono-energetic and they have distinct energies. We will study 
the energy linearity at specific supply voltages(600,700,750)V. The dynodes of photomultiplier tube are a thin 
film from Cs-Sb mixture evaporated on metal plate [7-10]. The PMT gain changes with the supply voltage [11], 
with the temperature change [12], and with the form and the material of the dynode [13]. However, we will study 
the change of gain as function of the time of use through studying linearity.  
 
2. Results and discussion 
Tables 1, 2, and 3: The dependence on the channel number of photo-peak (N) to gamma energies (E) from 
different sources for the old and new detectors, at voltage of (600, 700, 750)	V respectively.  
At supply voltage	(600, 700, 750)	V, the dependence for old and new detectors, which in tables 1, 2, and 3, 
shown in Figures 1, 2, and 3 respectively. 
By fitting with the graphical points, we obtained the solid straights in Figures 1, 2 and 3, which show that the 
relationship between the source energy and the channel number of photo-peak is almost linear, 
 
 =  −  
or 
 =  −  
 
where  N - channel number, and  E - source energy. 
We arrange the slopes of the fitting straights for figures 1,2 and 3 for both detectors in table 4. 
From table 4, at the same supply voltage for both detectors, we note that the slope of dependence on the 
channel number to the source energy for the old detector is greater than the new detector. By evaluation the 
standard deviation  for the values corresponding to the fitting straight, we obtained the values shown in table 5. 
From table 5, at the same supply voltage for both detectors, we note that the average standard deviation 	 
for the old detector is greater than the new detector, which means that the detector linearity worsens with the time 
of use. 
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3. Conclusions and Recommendations 
1. At any supply voltage, for the dependence on channel number to the source energy, the slope for the old detector 
is greater than the new detector, indicating the secondary emission factor δ	is increased with the time of use, which 
indicates a change in the behavior of the Cs-Sb mixture, may be, from semiconductor to conductor. 
2- The average standard deviation	σ  for the old detector is greater than the new detector, meaning that the detector 
linearity is worse with the time of use, indicating the random change in the secondary emission factor, (Which is 
expected to be	CsSb) has been partially formed in the mixture. 
We recommend a structural spectral analysis by X-rays for the material dynodes of photomultiplier tube and 
studying the electrical properties of the Cs-Sb mixture to determine the resulting compound and to change the 
mixture ratios so that the linearity advantage becomes more stable with the time of use. 
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Table 1. At supply voltage	600	V. 
Co	
"#  Cs	
$%  Na	
''  Ba	
$  Co	
)%   The source 
1333 1173 662 511 384 137 0 * (keV) 
28 25 14 12 6 2 0 for old detector 
+,- 13 10 7 4 3 2 0 for new detector 
 
Table 2. At supply voltage	700	V. 
Co	
"#  Cs	
$%  Na	
''   The source 
1333 1173 662 511 0 * (keV) 
165 148 86 68 0 for old detector 
+,- 33 25 19 15 0 for new detector 
 
Table 3. At supply voltage	750	V. 
Co	
"#  Cs	
$%  Na	
''  Ba	
$  Co	
)%   The source 
1333 1173 662 511 384 137 0 * (keV) 
247 237 146 - 81 31 0 for old detector 
+,- 64 56 33 24 17 8 0 for new detector 
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Table 4: The slopes of straights as a function of supply voltage for both detectors. 
750 700 600 supply voltage (V) 
0.1901 0.1237 0.0216 for old detector 
slope 
0.0477 0.0226 0.0092 for new detector 
 
Table 5: The standard deviation . and average standard deviation .	. 
. 750 700 600 supply voltage (V) 
8.0237 21.5113 1.8559 0.7041 for old detector 
. 
1.1460 0.7445 2.0184 0.6752 for new detector 
 
 
Figure1. At supply voltage 600V. 
 
 
Figure 2. At supply voltage 700V. 
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Figure 3. At supply voltage 750V. 
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